The time period and position which make the major contribution to total yield and to its variation is important for the field management and breeding for upland cotton, Gossypium hirsutum, L. Two-year end-of-season plant mapping data from 11 upland cotton cultivars were analyzed by position and by week. The data showed that the first position in the second and third weeks made the largest contribution to the total boll number and lint yield. The eleven cultivars differed with respect to the earliness but they had similar lint yield at harvest. The early season cultivars produce more yield and more bolls than late season cultivars in the first week of blooming, while the late season cultivars produce more yield and more bolls in the fourth week and later. The genotypic variance was the largest in week 5 and later for both lint yield and boll number. Thus, these results suggested that appropriate field management is required to maintain high yield in weeks 2 and 3 and to obtain maximum yield at late season, especially for late season cultivars. Breeders could be able to cross two cultivars which differ in earliness to obtain high yielding lines.
Introduction
The initiation and development of a square (bud) to an open boll in a cotton plant is sitedependent and time-dependent. The potential fruiting branches could cover main stem nodes 5 through 23 and the blooming time from late June to the middle of August in Mississippi. Such a long growing season may complicate field management and breeding techniques to obtain the maximum of number of open bolls and yield at harvest.
Counting and tagging the blooming date at each fruiting site has been used to investigate the earliness and boll distribution for a cotton genotype (Zhu et al., 1993; Zhu, 1995; Chen et al., 1999 Chen et al., , 2000 Zhu, 2000, 2001a,b) . Zhu et al. (1993) found that the first and second positions accounted for 61% and 73% of total blooms and bolls, respectively, while the other positions contributed 39% and 27%, respectively. Dominance effects were more important than additive effects for the cumulative boll number and seed cotton yield in early season, while additive effects became more important late in the season (Zhu et al., 1993 , Zhu, 1995 Chen et al., 1999; Ye and Zhu, 2000) . Chen et al. (1999 Chen et al. ( , 2000 found that some F 1 hybrids had strong heterosis in early season and some others had strong heterosis in late season for seed cotton yield. Tagging the date for each bloom on a number of plants at each fruiting site is very timeconsuming in practice. The vertical flowering interval (VFI) and horizontal flowering interval (HFI) are temperature-dependent as well as dependent upon the number of maturing fruit on the plant. Manuney (1986) cited several studies that showed a VFI range of 2.2 to 4.0 days and a HFI range of 5.8 to 8.5 days (Hesketh et al., 1972; McClelland and Neely, 1931; McNamara et al., 1940) . Ye and Zhu (2001a) reported that the mean VFI and HVI were 2.3 and 5.7 days, respectively. Cotton cultivars in Mississippi generally have about 3-and 6-day VFI and HFI. Thus, box-mapping (or end-of-season plant mapping) was used to investigate the earliness of cotton cultivars and distribution of cotton yield and boll number (Jenkins et al., 1990a,b; McCarty et al., 1994; Jenkins and McCarty, 1995; Shoemaker, 2000) . These studies showed that bolls from first position contribute 66~75%, and bolls from second position 18~21%, to total yield of modern cultivars.
Based on average VFI and HFI values, we converted the two-year end-of-season mapping data (Jenkins and McCarty, 1995) to lint yield and boll number by position and by week. This conversion may provide a better insight to cultivar earliness, distribution patterns of boll number and yield at different times and positions. The genetic variations for boll number and lint yield by time and position were estimated. The main purposes of this study were: (1) to determine the contribution that time period and position make the largest contribution to total boll number and lint yield and (2) to determine the contribution that time period and position make the largest contribution to the variance of total boll number and lint yield. Thus, these results may provide important information for cotton field management and cotton breeding programs to obtain the maximum yield and benefit.
Materials and Methods

Materials
Eleven upland cotton commercial cultivars, Chembred 1135 (CB1135), Chembred 219 (CB219), Chembred 232 (CB232), Chembred 407 (CB407), DES 119, Deltapine 51 (DP51), Deltapine 5415 (DP5415), Deltapine 5690 (DP5690), Deltapine Acala 90 (DP90), LA 850082FN (LA8582), and Stoneville 69132 (ST69132), were used in this study (Jenkins and McCarty, 1995) . These cotton lines were planted in two row plots, spaced 38 inches apart and were 30 and 43 feet in length in 1990 and 1991, respectively. The experimental design was a randomized complete block design with six replications on a Marietta sandy clay loam (fine-loamy, siliceous, thermic Fluvaquentic Eutrochrept) soil. Planting dates were April 25, 1990 and May 21, 1991. The delayed planting in 1991 was because of the very wet spring. Normal field practices were followed during the growing season.
At harvest, the open bolls from the plants in a 10-ft section of row in each plot were collected, counted, and weighed by fruiting site following the technique of Jenkins et al. (1990a) . The procedure for the data collection was detailed by Jenkins and McCarty (1995) . A sample containing 50 bolls was collected prior to machine picking for each plot. Each sample was ginned to determine the boll size and lint percentage. The mean lint percentage over six replications was used to convert each replication of a genotype into lint cotton. The machineharvest weights were converted to weight of lint per acre and this was distributed across fruiting sites according to the percentage distribution from the mapped plants from the 10-ft mapped sample for each plot. The number of bolls and weight of lint by each fruiting site (or by node and position) were summed by position for each plot (Jenkins and McCarty, 1995) . The number of bolls and weight of lint were converted to the respective values by week according VFI of 3 days and HFI of 6 days.
Genetic Models and Statistical Methods
A genotype with genotype × environment (G×E) interaction model was used for the data analysis. The mixed linear model for genotype i in block j within environment h was as follows:
where, µ is the fixed population (or grand) mean; E h is the random environmental effect; G i is the random genotypic effect; GE hi is the random E G × interaction effect; B j(h) is the random block effect; and e hij is the random error.
Variance components were estimated by minimum norm quadratic unbiased estimation (MINQUE), in which all prior values were set to 1.0 (Zhu, 1989) . The phenotypic variance (V P ) was defined as, where, variance for genotypic effects, variance for interaction effects, and variance for random errors. Resampling using the jackknifing procedure was applied to calculate the standard error (SE) for each parameter by successive removal of one block within each environment (Miller, 1974) . The t-test was used to test the significance of each parameter (degrees of freedom = 11). All data were analyzed using a program written in C++.
Results and Discussion
Boll Number and Lint Yield by Position
The first position accounted for 69% of total bolls and 74% of total yield, second position values were 20% and 17%, and the third position less than 10%. Genotypic variance for total lint yield was not significant; however, genotypic variance was significant for total boll number, indicating that these cultivars had similar lint yield with different numbers of bolls at harvest. Genotypic variance was significant for lint yield at the third position while not significant at positions 1 and 2. Genotypic variance was significant for boll number on position 1, 2, and 3, while the first position had the largest genotypic variance. The results indicated that position 1 made the majority of contribution to total boll number and lint yield; however, the use of total yield at the first position to distinguish the earliness of a cultivar might not be appropriate. The possible reason is that early season cultivars had more yield at position 1 in the early season while late season cultivars had more yield at position 1 in the late season when they had the same yield.
Proportions of Boll Number and Lint Yield by Week
The proportions of boll number and lint yield by week to total boll number and total lint yield are summarized in Table 1 . On average, the first week contributed 14% and 17% of total boll number and total lint yield, respectively (Table 1 ). Second and third weeks made the majority of bolls and lint yield, 43% and 46%, respectively, indicating that the growing season at weeks 2 and 3 after first blooming was the most important time for producing open bolls and cotton yield. Weeks 4 and 5 contributed about 17% to total bolls and 15.5% to lint yield.
The earliness of cotton cultivars based on the proportions of boll number and lint yield by week could be seen. DES 119 and ST 69132 had a larger contribution in the first week but less in week 5 to the total bolls and lint yield, indicating that these two cultivars are earlier than the other nine cultivars (Table 1) . On the other hand, DP 90 and DP 5690 were two cultivars that had a smaller contribution in the first week but greater in week 5 to the total bolls and lint yield, indicating that these two cultivars are later than the other nine cultivars.
Within each growing period (week), distributions of boll number and lint yield among cultivars varied greatly (Tables 2 and 3 ). On average, the first position accounted for 94% and 96% of total bolls and lint yield in the first week, respectively; while the second position for only 6% and 4% of total bolls and lint yield in the first week, respectively (Tables 2 and 3 ). The first, second, and third positions accounted for 72%, 26%, and 3% to the total bolls during weeks 2 and 3, respectively; 77%, 22%, and 2% to total lint yield in week 2 plus 3, respectively. The first, second, and third positions accounted for 70%, 24%, and 6% to the total bolls in week 4 or 5, respectively; for 75%, 21%, and 2% to total lint yield in week 4 or 5, respectively.
Genetic Variances of Boll Number and Lint Yield by Position during Growing Season
The proportion of boll number and lint yield could be indicative of the importance of a position during a specific growing period to the total bolls and lint yield (Tables 1, 2, 3) , but it may not specify which position makes the differences in total bolls and lint yield. Thus, the variance components of boll number and lint yield in four growing time periods and by position within each of four time periods were estimated and summarized in Tables 4 and 5.
Boll Number
The genetic variance components of boll number for weeks 1, 2 and 3, and 4 were not significantly different, but they were significantly lower than that in week 5 ( Table 4 ), indicating that the week 5 (or late season) could make a greater difference in total boll. In week 1, each variance component (genetic, G×E interaction, or residual component) at the first position was greater than each corresponding one at the second position. In weeks 2 and 3, genotypic variances of boll number at position 2 were significantly greater than that at positions 1 and 3. G×E interaction variance at position 1 was greater than that at position 2, but 2 was not significantly greater than that at position 3. Residual variance at position 1 was greater than that at position 2, which was significantly greater than that at position 3. In week 4, genetic and G×E interaction variances at position 1 were greater than those at 2, which were significantly greater than those at position 3; residual variance at position 1 was greater than that at position 2, which was not significantly greater than that at 3. In week 5, variances of genotype and residual at position 1 were greater than those at position 2, which were significantly greater than those at position 3; G×E interaction variances at positions 1 and 2 was not different, but significantly greater than that at position 3. In summary, the genetic variation at position 1 was greater that that at position 2 during each growing period except week 2 plus 3, and the genetic variation at position 2 was generally greater than that at position 3 (Table 4 ). The genetic variance components of number of bolls for weeks 1, 2 and 3, and 4 were not significantly different, but were significantly lower than that in week 5, indicating that the first position in week 5 made the majority of difference in total boll number.
Lint Yield
The genetic variance components of lint yield (all positions) for weeks 1, 2 and 3, and 4 were not significantly different, but were significantly lower than that in week 5 ( Table 5 ), indicating that week 5 (or late season) could make a greater difference in total lint yield. In week 1, each variance component (genetic, G×E interaction, or residual component) at the first position was greater than each corresponding one at the second position. In weeks 2 and 3, genetic variances of lint yield at positions 1 and 2 were not significantly different, but were greater than that at position 3. Variances of G×E interaction and residual at position 1 was greater than that at position 2, which were significantly greater than that at position 3. In week 4, genetic and residual variances at position 1 were greater than those at position 2, which were significantly greater than at position 3; G×E interaction variance of lint yield at position 1 was significant (from zero), while no G×E interaction effects of lint yield were detected at positions 2 and 3. In week 5, variances of genotype and residual at position 1 were greater than those at position 2, which were significantly greater than those at position 3; G×E interaction variances at positions 1 and 2 were not different, but significantly greater than that at position 3. In summary, the genetic variation in lint yield at position 1 was greater that at 2 in each growing period except week 2 plus 3, and the genetic variation at 2 was generally greater than that at position 3 (Table  5 ). The genetic variance components for lint yield at first position in weeks 1, 2 and 3, and 4 were not significantly different, but they were significantly lower than that in week 5, indicating that the first position in week 5 contributed the majority of variance to total lint yield. The results in Table 5 were in agreement with those in Table 4 .
Summary
The 11 upland cotton cultivars differed with respect to earliness but they had similar lint yield. This suggested that both early and late season cultivars could yield similar by via different growth patterns. The early season cultivars produce more yield and bolls than late season ones in the first week of blooming, while the late season cultivars produce more yield and bolls in the fourth week and later. The first position made the major contribution to total lint yield and boll number, while there was no significant genetic difference among 11 cultivars for lint yield at first position. The second and third weeks of blooming accounted for the major contribution to total lint yield and boll number. The largest genotypic variance was in week 5 and later for lint yield and boll number. Thus, these results suggested that appropriate field management is required to obtain high yield in weeks 2 and 3 and to obtain maximum yield at late season, especially for late season cultivars. Genetic variances suggested that breeders should be able to cross cultivars which differ in earliness to develop high yielding lines. 
Averaged boll number in 10-ft section over two years; ∆: Wi-Pj refers to week i and position j. ♣: W1, W23, W4, and W5 refer to averaged boll number in 10-ft section over two years in for week 1, 2 and 3, 4, and 5 (and above); ╪ : Proportion to total boll number by position within a specific time period, for example: W1-P1 refers to the proportion value of position 1 to total boll number in the first week. 
Averaged lint yield/ha over two years; ∆: Wi-Pj refers to week i and position j; ♣: W1, W23, W4, and W5 refer to Averaged lint yield/ha over two years in for week 1, 2 and 3, 4, and 5 (and above); ╪ : Proportion to total lint yield by position within a specific time period, for example: W1-P1 refers to the proportion value of position 1 to total boll number in the first week. 
